[}
ITATION PAGE A ey
- ‘ OMB No. 0703-0188 /
4 2d 10 average ! nour per response, including the time for reviewing instructions, searching existing data sources,
- new:ng the coliecton of information. Send comments regarding this burden estimate or any other aspect of this
rden. to Washington Headquarters Services, Directorate Tor information Operations and Reports, 1215 Jetferson
fice of Management and Budget, Paperwork Reduction Project (0704-0 188), Washington, DC 20503.

immre=+ wes wises (ceave O1ank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
10/15/9¢C Technical Rept. (Interim) 4/1/90-9/1/90
4. TITLE AND SUBTITLE ) 5. FUNDING NUMBERS
Hyperfine and Superhyperfine Tensors as Probes of the C: _NOO014-90-WX-24264
Local Environment of Deep-Level Defect Centers PE: 0601153N
PR: RR013-01-01
RR021-02-01
6. AUTHOR(S) Michael COOkf and C.T. White TA: 4131059-01
WU: 61-M193-X-0
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Research Laboratory REPORT NUMBER
Washington, DC 20375-5000 ELECTE Technical Report #6

(Code 6119, C.T. White)

0CT.26 1900

9. SPONSORING / MONITORING AGENCY NAME(S) AND AD (ES) B 10. SPONSORING / MONITORING
Office of Naval Research - AGENCY REPORT NUMBER

800 North Quincy Street {/f

Arlington, VA 22217-5000 v Technical Report' #6

(Code 1113PS, P.P. Schmidt)

11. SUPPLEMENTARY NOTES ]
*Department of Chemical Engineering, U. of Mass., Amherst, MA 01003

12a. DISTRIBUTION/ AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
This document has been approved for public release and
sales distribution of this document is unlimited.

13. ABSTRACT (Maximum 200 words)

--— In several recent theoretical studies, we have analyzed the local environment of deep-level defects
through comparisons of theoretical and experimental hyperfine tensors.  The principal hyperfine interactions
sample the distribution of spin density near the center of the defect site, and are diagnostics of the local bonding
conformation; the smaller hyperfine (superhyperfine) tensors, which are caused by couplings of the spin density
with nuclei somewhat removed from the center of the defect, give valuable information about the embedding of
the defect into the extended lattice of its solid-state host.

In the present article, we discuss the particular effect of dihedral angles on the second-neighbor
superhyperfine interactions in broken-bond defects in silicon and SiO;} This includes such defects centers as the
P, center at the Si/SiO; interface, the E’ centers which occur in a-SiO5and quartz, and the D centers of
hydrogenated amorphous silicon. The dihedral angle is found to affect the ability of the second-neighbor
bonding atomic orbitals to couple to the defect hybrid and participate in the molecular orbital which carries the
unpsired electron spin; the result is a significant dependence of second-neighbor superhyperfine splittings on the
dihed.al angle.

PO -

14. SUBJECT TERMS 15. NUMBER OF PAGES
Hyperfine Interactions, Deep Levels, Si, SiO, 4
o - 16. PRICE CODE
17. SECURITY CLASSIFICATION 18. SECURITY CLASS!FICAlTlON 19. SECURITY CLASSIFICATION ] 20. LIMITATIOn JF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRA(LT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED
NSN 7540-01-280-5500 Standard Form 298 (Rev 2-89)

Prescribed by ANSI Std 239.18
298-102




OFFICE OF NAVAL RESEARCH
CONTRACT # N00014-89-WX-24146
R&T CODE 412n006---01
TECHNICAL REPORT # 6

HYPERFINE AND SUPERHYPERFINE TENSORS AS PROBES OF THE
LOCAL ENVIRONMENT OF DEEP-LEVEL DEFECT CENTERS®

Michael Cook® and C. T. White®
ADepartment of Chemical Engineering
University of Massachusetts
Amherst, MA 01003
bCode 6119

Naval Research Laboratory
Washington, D.C. 20375

Abstract of Paper to appear in the
Proceeding of the fall MRS meeting
Boston Massachusetts

*Reproduction in whole or in part is permitted for any purpose of the United States Government.

This document has been approved for public release and sale; its distribution is unlimited.

90 10 23 103
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Symposium K: Defects in Materials

HYPERFINE AND SUPERHYPERFINE TENSORS AS PROBES
OF THE LOCAL ENVIRONMENT OF DEEP-LEVEL DEFECT
CENTERS.* MichaelCook,! Geo-Centers Inc., Ft. Washington, MD
20744; and Carter T. White, Theoretical Chemistry Section, Code
6119, Naval Research Laboratory, Washington, D.C. 20375.

In several recent theoretical studies, we have analyzed the lo-
cal environment of deep-level defects through comparisons of theo-
retical and experimental hyperfine tensors.!*> The principal hyperfine
interactions sample the distribution of spin density near the center of
the defect site, and are diagnostic of the local bonding conformation;
the smaller hyperfine (superhyperfine) tensors, which are caused by
couplings of the spin density with nuclei somewhat removed from the
center of the defect, give valuable information about the embedding
of the defect into the extended lattice of its solid-state host.

In the present article, we discuss the particular effect of di-
hedral angles on the second-neighbor superhyperfine interactions in
broken-bond defects in silicon and SiO;. This includes such de-
fect centers as the Py center at the Si/SiO, interface, the E’ centers
which occur in a-5i0; and quartz, and the D centers of hydrogenated
amorphous silicon. The dihedral angle is found to affect the ability
of the second-neighbor bonding atomic orbitals to couple to the de-
fect hybrid and participate in the molecular orbital which carries
the unpaired electron spin; the result is a significant dependence of
second-neighbor superhyperfine splittings on the dihedral angle.

! M. Cook and C.T. White, Phys. Rev. B 38: 9674 (1988).

2 M. Cook and C.T. White, Semicond. Sci. Tech. 4: 1012 (1989).
* Supported in part by DNA and ONR.

! Present Address: Department of Chemical Engineering, Univer-
sity of Massachusetts, Amherst, MA 01003.
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